Viral antigens from viruses belonging to four different viral groups were detected directly in human fetal intestinal organ cultures by the application of immunofluorescent techniques. The time of appearance and the cellular localization of fluorescent-stainable antigen varied with the type of virus under investigation. After infection with adenovirus or with adeno-associated virus, fluorescent-stainable antigen was seen in the epithelial cells of the explants, though no light microscopic changes could be observed. In infection with herpes simplex virus and echovirus, fluorescence was noted in both the epithelium and the lamina propria, along with histological changes throughout the organ culture. These techniques offer promise for the investigation of possible viral agents implicated in gastrointestinal disease.
The development of organ cultures suitable for in vitro cultivation of microbial agents offers a new and perhaps more sensitive medium for the growth of certain fastidious, occult viruses (7, 8) . Human fetal intestinal organ cultures, recently established in several laboratories (2, 9, 11, 13) , have been employed in the search for viral agents involved in gastrointestinal disease. Recent evidence suggests that at least one such hitherto undetected agent, the Norwalk agent of acute gastroenteritis, replicates in organ culture (3) . The growth of a variety of known viruses in human fetal intestinal organ culture has been described (2, 11, 13) ; however, assay and identification of those viruses have required passage of fluid harvests from the organ cultures into conventional tissue culture systems. These studies describe methods for the rapid detection of specific viral agents directly in organ culture and for the localization of those agents to cellular and subcellular sites, employing immunofluorescent techniques.
MATERIALS AND METHODS
Organ culture. Human fetal intestinal organ cultures were prepared and maintained as described previously (2) . At daily intervals, an explant was removed, rapidly frozen in cryoform (IEC, Needham, Mass.), and 12-mi sections were cut on a IEC-CTF microtome cryostat. The sections were fixed for 10 min in cold acetone, and then tested by the indirect fluorescent-antibody (FA) method. Specimens for light microscopy were prepared by fixing explants in 2% glutaraldehyde in phosphate-buffered saline (pH 7.4) for 24 hr. Paraffin-embedded sections were subsequently stained with hematoxylin and eosin.
Viruses. Adenovirus 7 strain E46-was titered in human embryonic kidney cells (HEK), and 101 median tissue culture infective doses (TC1D50) were inoculated per organ culture dish. Echovirus 11 strain Gregory was titered in W138 cells, and 103-5 TCID50 were inoculated per dish. Herpes simplex virus (HSV) was a strain isolated in 1960 from a genital lesion; it was titered in W138 cells, and 103 0 TCID50 were inoculated per dish. Adenovirus-associated virus type 2 (AAV2), prototype strain, was titered in HEK cells (6) , and 104 0 TCID50 were inoculated per dish, along with 1040 TCID50 of adenovirus 7 helper. Each virus was added to fluid medium and incubated for 48 hr without washinig, after which all media bathing the explants were harvested and renewed. Viral assays. To assay viral growth in the organ cultures, fluids harvested at each time point were frozen at -70 C. Subsequently all fluids were thawed and inoculated in WI38 or HEK tube cultures (in 10-fold dilutions, 0.2 ml in each of two tubes per dilution) which were observed for cytopathic effect. To assay for AAV-2, fluid harvests were inoculated into HEK tube cultures coinfected with adenovirus type 7 helper, and tissue culture fluids were tested for the presence of AAV-2 CF antigen as previously described (6 (Fig. 4) Fig. 5 ). Fluorescence, however, was almost entirely intranuclear within epithelial cells. HSV staining appeared earlier than with other viruses. Nuclear and cytoplasmic fluorescence was noted by day 2, with subsequent spread to the lamina propria. By day 5, the submucosa was similarly stained, and, by day 8, most of the entire explant fluoresced (Fig. 6 ). Echovirus 11 fluorescence was noted first in the cytoplasm of epithelial cells in discrete foci by day 3, with subsequent spread throughout the epithelium by days 5 to 7 (Fig. 7) . Occasional fluorescence was detected in the lamina propria.
In addition to the above experiments, the following controls were performed:
(i) Uninfected organ cultures did not fluoresce when reacted with anti-serum and fluoresceinlabeled anti-globulin.
( tures reached peak titer in the extracellular fluid earlier than those with longer replicative cycles. HSV and echovirus with replicative cycles of 5 to 12 hr (12) and 5 to 10 hr (5), respectively, reached peak titers in 4 to 6 days, whereas adenovirus and AAV with replicative cycles of 12 to 24 hr (1) reached peak titers in 8 days. In experimental infection with orally administered adenovirus in man, significant recovery of adenovirus in the stool does not take place until 4 days after administration of the virus, and maximum recovery of virus occurs at 7 to 10 days (4).
Each of the viruses studied initiated infection on the epithelial surface of the explants. Adenovirus and AAV replicated solely in epithelial cells, whereas HSV and, to a lesser extent, echovirus replicated in the lamina propria and submucosa as well. Most monolayer tissue culture preparations, even those made from dispersed whole organs, appear to lose most of their epithelial components (particularly after passage) and convert largely to fibroblastic cell sheets. Thus, organ cultures, in which epithelial cells remain intact, may provide a superior culture for those agents which replicate preferentially in the epithelium.
The concept that organ cultures represent a more sensitive culture medium for the cultivation of occult viruses was supported by recent evidence that certain respiratory viruses, i.e., types of coronaviruses and rhinoviruses, replicate in tracheal organ culture but not in standard monolayer tissue culture (7, 8, 14) . Presumably, tracheal organ cultures more closely approximate the in vivo natural host target organ for these agents. Similar reasoning is currently being applied to the search for occult agents implicated in infectious gastrointestinal disease (3).
It is hoped that inoculation of human fetal intestinal organ culture with materials obtained from naturally occurring outbreaks and experimentally induced disease, followed by studies employing FA techniques using antibodies contained in sera or secretions from the same cases, 
